T HE SIGNIFICANCE of the changes that occur in the pulmonary vascular tree in congenital heart disease with pulmonary hypertension is far from being fully understood. Data obtained from systematic investigations of the anatomic changes in young persons are exceedingly rare. For better insight into the origin of such lesions and in order to determine the sequence of events during their development, a study of the pulmonary arteries in young children with ventricular septal defect was considered of importance. By studying the pulmonary arteries in cases of ventricular septal defect in an age group ranging from fetal life to 12 years, it was hoped to obtain information regarding the early development of such lesions as medial hypertrophy, intimal proliferation, and plexiform or glomerulus-like structures.
Medial hypertrophy is usually judged from the thickness of the media as compared with the diameter of the vessel. As has been pointed out,1 this method alone is inadequate for establishing the degree of, or even the presence of, hypertrophy, since constriction and dilatation will influence the relative thickness of the media without affecting the amount of vascular muscle tissue. Therefore it was also the aim in this study to Twelve cases in which intimal proliferation was pronounced to severe were excluded from the quantitative study, since pronounced thickening of the intima and eventual obliteration may lead to secondary atrophy of the medial muscular tissue in a long segment of the affected branch. In the remaining 38 cases intimal changes, if present at all, were mild or moderate.
The method used for the quantitative study of medial hypertrophy has been described in detail elsewhere1 and is summarized here. The media and external diameter of 20 consecutive muscular pulmonary arterial branches, regardless of size, were measured in each of the five segments of lung. In this way 100 arteries were measured per lung, or 3,800 arteries in all the cases in which quantitative studies were made. The arteries were unselected except for the requirement that a virtually circular cross section be present in the sections to permit measurement. The medial thickness of each artery was expressed as a percentage of the external diameter (relative medial thickness).
In order to determine the ratio of medial tissue to pulmonary parenchyma, both the average medial cross-sectional area and the number of muscular pulmonary arteries per unit of lung tissue had to be known. The cross-sectional area of the media in each artery was calculated. The surface area of pulmonary parenchyma in the sections was measured by planimetry. Since the total area of the parenchyma per lung generally averaged Circulation, Volume XXIII, May 1961 7.5 cm.2, it was impractical to count all the stmll arterioles in such a large area. Therefore, the arteries were divided into large and small arteries. All large vessels were counted in the sections from each subject regardless of the plane of section. The number of the small arteries could be derived from this figure, since the ratio of large to small vessels was known from the measurements of the 100 arteries per lung. The dividing line between a small artery and a large artery for a given case was arbitrarily fixed at 40, 50, or 70 microns of external diameter, the value chosen depending on which one would provide a comparatively constant ratio between both groups.
When the average medial cross-sectional area and the number of arteries per square centinmeter of pulmonary parenchyma were known for both large and small arteries, the medial cross-sectional area per square centimeter of parenchyma could be calculated. This ratio of medial to pulmonary tissue was expressed as an index, hereafter referred to as the index of medial surface area. (The actual cross-sectional area of arterial medial tissue in square microns per square centimeter of pulmonary parenchyma can be obtained by multiplying the index by 100 wr.)
The relative medial thickness and the index of medial surface area in the study cases were compared with corresponding values found in a series of fetuses, infants, and children with normal hearts and lungs3 and with those found in older figure 2 .
The deviation from the normal of the values derived from the group with ventricular septal defect differed greatly with age. During fetal and early postnatal life, both the mean medial thickness and the index of medial surface area were not far from normal limits ( fig.  3a) . It is striking, however, that in several subjects who died in the neonatal period, the mean relative medial thickness was somewhat less than that in the controls. It appeared that in these cases a certain number of pulmonary arterial branches had a thin media as compared with that in normal subjects at comparable ages ( fig. 3b ). These vessels, some of which had lost virtually all muscular tissue, were responsible for the low average of the thickness of the medial layer.
Some increase in medial thickness and in the absolute amount of medial tissue appeared to be present in the two subjects aged 28 and 33 days; an increase was certainly present after that age. From 8 weeks onward, both the thickness and the index of surface area were usually far greater than those in the control group ( fig. 3c) Although there was occasionally an appreciable difference in medial thickness in the segments of the same lung, these differences were not characteristic for a certain segment. When all cases were taken into account, no concentration of vessels of a certain thickness in one location in the lung was found.
Medial from then on it was the rule ( The plexiforin or glomerulus-like structures were confined to the older subjects and were not observed in subjects less than 21/2 years old. In some cases these structures were extremely numerous ( fig. 8) stillborn infant (ease 4), and in an 1 1 -day-old infant (case 11), the medial thickness was below normal (fig. 3b) . A similar finding was noted by Heath and associates6 in two cases of patent ductus arteriosus and by Wagenvoort and Edwards7 in a case of aortic atresia. These findings may represent underdevelopment of the pulmonary arterial walls, as in case 3, in which the index of medial surface area was certainly lower than normal and in which several arteries lost every trace of muscular tissue. In three of these four cases, however, the index of medial surface area was normal, and therefore the thin pulmonary arterial media was rather indicative of vasodilatation, whatever the cause of this might have been. Although both the medial thickness and the index of medial surface area were apparently normal in infants with ventricular septal defect, both of these values tended to decrease soon after birth. The limited number of our cases in the critical period of the second and third weeks of life makes it difficult to ascertain whether this decrease was just as pronounced as it is in normal persons. It might be that the lower limit of normal medial thickness and of the normal index is never reached. Soon after the second or third week of life the pulmonary arteries in patients with ventricular septal defect showed an increase in thickness as well as in the index of medial surface area, in contrast to what is found in normal lungs ( figs. 1 and 2 Although intimal proliferation apparently occurs later than medial hypertrophy, it occasionally may be found in very young children. The first slight evidence of intimal thickening was observed in a child 11 days of age (case 11) , and moderate proliferation occurred as early as 27 days ( fig. 5) . However, these are exceptions. Again, even considering the common occurrence of a pronounced degree of intimal proliferation from the age of 20 months onward, it must be emphasized that almost all subjects in this later age group were operated on for their cardiac condition and that they therefore represent a selected group in which relatively severe lesions of the pulmonary vessels were to be expected.
The same is true for the glomerulus-like structures ( fig. 8) Six patients from the nonsurgical group were thought to have died from cardiac failure due to their congenital heart disease. All six were young children. Only the three oldest of this series, aged 8 During the fetal and newborn period, both the thickness and the index of surface area of the media were generally within normal limits, although in an occasional case pulmonary arterial branches were considerably thinner than those in corresponding controls. The subjects between 1 week and 5 weeks of age had a medial thickness and an index of medial surface area that were lower than the average values at the time of birth. In this regard the pulmonary arterial tree in cases of ventricular septal defect corresponded with that in normal newborn infants. Soon after, however, and most clearly from 8 weeks on, the subjects with ventricular septal defect showed a pronounced rise both in medial thickness and in the index of medial surface area, indicating the presence of considerable medial hypertrophy.
Although intimal proliferation was observed in two infants of 11 and 27 days of age, it was uncommon in children less than the age of 1 year. Above that age it was almost invariably present. Plexiform or glomeruluslike structures were found in seven cases. The youngest patient with these lesions was 21/, years of age.
